Cornelsen et al. (2014) and Green et al. (2013) provide a comprehensive review/summary of a large number of recent estimates of the price elasticity of food consumption using a meta-regression approach. In this letter, we introduce a way of removing the income effect from these elasticities to recover the compensated elasticities.
Introduction
In two recent papers, and Green et al. (2013) summarise 78 studies of food demand carried out since 1990 using a meta-regression approach. These two papers represent a major contribution in synthesising such a large body of research by providing centre-of-gravity uncompensated price elasticities for seven food items in three groups of countries, distinguished by income per capita.
1 These elasticities answer the question, what is the impact of a price rise on consumption when consumers' money income is held constant? But for some purposes it is useful to know the response when consumers' real income remains unchanged. 2 In this letter, we show how compensated elasticities can be recovered from the uncompensated elasticities reported by .
Consumption Theory
Let i p and i q be the price and quantity demand of good i   
   
ii logq log M     the income elasticity of good i. In the spirit of "want-independence" of Frisch (1959, propositions 56 and 56a, p. 185) , we make the simplifying assumption that the marginal utility of consumption of each good is 1 draw upon the estimated own-price elasticities from Green et al. (2013) , which is based on 136 studies over the same time period. 2 For example, suppose a tax is imposed on consumption of good j and the revenue from the tax is redistributed back to consumers as a lump sum. This keeps real income unchanged and the impact of a one-percent rise in the price of j on the consumption of i is given by the   th i, j compensated elasticity. But note that lump-sum transfers mean there can be no distributional effects. That is, with lump-sum transfers, intensive consumers of good j do not receive full compensation for the price rise, so there is an income transfer from intensive to nonintensive consumers. The overall effect of this depends on differences across groups in marginal propensities to spend. Note also the case in which tax revenues are earmarked for health programs: If these programs are valued at their cost by consumers, then, effectively, real income remains unchanged and the compensated elasticity is the relevant concept to use. If the programs are wasteful, however, real income falls and in the extreme when the programs are valueless, the uncompensated elasticity is to be used. For intermediate cases, a weighted average of the two elasticities can be used.
is the income elasticity of  (the reciprocal of the "income flexibility") and ij  is the Kronecker delta ( ij 1  if ij  , 0 otherwise).
3 Combining the above two equations gives
which we multiply by the budget share of i, i w , and then sum both sides over i 1, , n  to give n n n i ij i i ij i i j j i 1 i 1 i 1 jj log log w w w w , log p log p
In the general case in which there is preference dependence, the marginal utility of good i, i u q ,  depends on the consumption of all goods and
log q log u q log u q , log x log x log q
Under preference independence, the cross derivatives vanish and only the ith term in the summation on the right of this equation remains. which follows from the first member of (2). Combining this with the second member of (2) gives   1 j j j log log p w ,
Application to Food
We use equations (1) and (4) to derive the compensated price elasticities. The uncompensated elasticities for seven food items are from Table 1 gives the budget shares for the food items and the total, as well as the food income elasticity. Two comments can be made. First, column 9 reveals that low-income countries on average spend 35 percent of their income on food, while this falls to 9 percent for the high-income countries, which reflects Engel's law. Second, cereals are clearly the single most important item in low-income countries (column 6) with a budget share of 11 percent. For the high-income countries, there is more diversification of food spending, with no single commodity clearly dominating. This gives an alternative set of estimated compensated elasticities,
 The difference between the two approaches is that the second does not rely so much on the assumption of preference independence as equation (4) is bypassed. Thus, this approach might possibly be preferred as it is somewhat more general. However, as minimisation problem (6) is based on preference independence, that assumption still plays a role in determining the estimated income elasticities. A further difference is that the estimates from Approach I satisfy demand homogeneity and Slutsky symmetry, while this is not the case for Approach II. 5 In what follows, we present the results from Approach I, although these are not too different from those of Approach II (see Appendix).
Results
The estimated income elasticities and income flexibility are given in Table 2 and as can be seen, all the food income elasticities are less than unity, so the goods are necessities.
For each of the three income groups, the item "Fish" has the highest income elasticity, whilst "Cereals" and "Fats and oils" have the lowest and are thus viewed as more of necessities by consumers. The absolute value of the income flexibility increases with income, which supports the famous conjecture by Frisch (1959, p. 189) , but the values are somewhat larger in absolute value than previous estimates (Clements and Zhao, 2009, pp. 227-29) .
The estimated compensated price elasticities are given in Table 3 . Thus, for example, for low income countries the compensated own-price elasticity for Fruit and Vegetables is -0.669 (first element of column 2), while the corresponding uncompensated version is -0.720 5 A set of sufficient conditions for the two approaches to give identical results this is when the income flexibility equals -1, each income elasticity is unity, each uncompensated own-price elasticity -1 and each uncompensated cross-price elasticity zero. These conditions are satisfied by a Cobb-Douglas utility function, but are restrictive. . Table 4 reports the compensated/uncompensated differences, which are the income effects. Three comments can be made. First, as indicated by equation (1), the size of the income effect depends on the relative importance of the good in the budget (its budget share) and the income elasticity. As both these concepts take only modest values in the case of the seven food items, the income effects will also be modest, as Table 4 reveals.
Second, the largest income effect is for meat in low-income countries, which reflects the combined effect of this good's relatively high budget share and income elasticity. Third, all income effects decline as we move from low-to medium-to high-income countries. The reason is that as income rises, the budget share and the income elasticity of each food item declines. 6 The decline in the compensated elasticities is consistent with Timmer's (1980) hypothesis of a "curvature" in the Slutsky matrix.
Concluding Comments
When the objective is to use a tax instrument to limit consumption of a certain item by raising its price to consumers, the value of the price elasticity of demand is key. The rule is
Requred reduction in consumption Required price increase . Price elasticity  For example, a 25-percent reduction in consumption requires a 50-percent price increase if the elasticity is -1/2. There are two types of price elasticity, (i) the uncompensated version that holds constant consumers' money (or nominal) income; and (ii) the compensated version in which real income is constant. Both the uncompensated and compensated elasticities contain information that is of considerable value to policy makers in understanding consumer response to price changes that result from policy changes. and Green et al. (2013) made a major contribution in reviewing a large number of recent studies of food demand and summarising the price elasticities for seven important food items with a meta-regression approach. In this letter, we showed how to covert these uncompensated elasticities into their compensated counterparts.
The difference between the two elasticities depends on the relative importance of the good in consumers' budgets and the income elasticity. In the case of the seven food items, these differences are not large, but still the compensated elasticities could be of some use. To reflect the underlying uncertainty of behaviour, the two elasticities could be used together to 6 Using the estimates of the compensated elasticities from Approach I, together with the budget shares and the estimated income elasticities, in equation (1) gives estimates of the uncompensated elasticities, iĵ .  As shown in the Appendix, the estimated own-price uncompensated elasticities are very close to their actual counterparts. However, the estimated cross-price elasticities are a good distance away from the actuals. Note:
To complete the demand system, a "non-food" group is added so there are n 7 1 8    goods. The non-food income elasticity is derived from the requirement that A-1
Appendix
The Data Uncompensated price elasticities from are reproduced in Table   A1 . Table A2 . The commodities in the last four rows of Table A2 would typically be considered as part of food consumption; however, omit price elasticities for "Eggs" and "Other foods" due to the low number of observations for the former and the majority of observations coming from one study for the latter. Therefore, we omit these groups.
Of the 146 countries in the ICP data, 16 countries were dropped as they had little or no expenditure on certain food items, be it for income, geographical, religious or other reasons. Two more countries were also dropped as they did not submit national accounts data to the ICP. Lastly, four remaining countries were omitted as they did not appear in the Gao Table A3 along with our own calculations of real income per capita. While this allocation of countries to income groups agrees with and Muhammad et al. (2011) , there are some minor inconsistencies with income. Our measure of real income per capita that is presented in Table A3 differs slightly from Muhammad et al. (2011) . It is for this reason why some low-income countries have higher incomes than middle income countries. Take the A-2 case of country 58, Tajikistan, which has an income of $7,010 and is classified as a lowincome country. But this income is higher than that of countries 59-66, all of which are classified as middle-income countries. A similar problem occurs with countries near the highincome "border". We judge this issue to be of relatively minor importance that is unlikely to have a substantial impact on the results.
More on Preference Independence
Combining equations (1) and (4) 
Approach II for Compensated Elasticities
Compensated elasticities estimated from Approach II are given in Table A4 . Note the similarities in estimated values compared to Approach I in Table 3 of the text. When
Approach II is used, there is a tendency for the absolute values of the elasticities to be lower compared to Approach I, but most of the differences are small. Figure A1 confirms the closeness of the two sets of results for the own-price elasticities. The only item some distance away from the 45-degree line is cereals, especially for the low-income countries, reflecting the large budget share of this good. As the compensated elasticity estimates are similar for both approaches, they also yield broadly similar income effects.
Note that the two approaches give identical results when
A set of sufficient conditions for this is when the income flexibility equals -1, each income elasticity is unity, each uncompensated own-price elasticity -1 and each uncompensated cross-price elasticity zero. These are restrictive conditions. The Implied Uncompensated Elasticities Table A5 contains the estimated uncompensated elasticities using Approach I. These are obtained from equation (1) by substituting into the right-hand side the estimated compensated elasticities of Table 3 and the budget shares and income elasticities of Tables 1 and 2, respectively. Figure A2 demonstrates that for the own-price uncompensated elasticities, the estimates from Approach I and actual values are in close agreement, with the A-3 possible exception of cereals. As for Approach II actual and estimated coincide, a similar comparison is not meaningful.
Cross Price Elasticities
For the estimated uncompensated cross-price elasticities (unreported), they are a good distance away from the actuals from in . This reflects the nature of problem (6): The own-price elasticities from are large relative to the own-price elasticities, so the squared errors of the former also tend to be relatively large. As all the squared errors (the own-and cross-price ones) are summed, the solution to the minimisation problem emphasises accurate prediction the own-price elasticities at the expense of the cross-price elasticities. Such an implication is not unreasonable as the ownprice elasticities are more economically important than the cross-price ones. 
Two typographic errors regarding signs in Table 3 of have been corrected (the own-price elasticities for "Meat" and "Fish"). These errors were confirmed in correspondence with Rosemary Green, one of the authors of that study.
A-5 A-7 A-9 Table A1 and Table A5 , respectively. 
